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You will recall that in September, 1953, you and I ins
pected 
the manufacturing plant of the KE>ntucky Light Aggre
gates Corporation 
in northern BullittCounty. This was done in anticip
ation of a te~t 
program to investigate properties of lightweight co
ncrete made with 
expanded shale aggregate from this source. Not on
ly did we have a 
general interest in this material from the standpoin
t of comparisons 
with concrete ·made fro·m the usual type aggregates, 
but also we had 
received from Mr. Creal and the Bridge Division so
me inquiries con-
cerning the possible merits of this expanded shale a
s an aggregate in 
lightweight bridge decks. 
Early in the fall of 1953 some preliminary tests were 
made, 
and about a year ago a definite series of investigatio
ns was outlined. 
At that time two employees in the first graduate sch
olarship group 
expressed an interest in working on the project. In keeping with 
policies of the past, it was understood that their res
earch could be 
used for thesis material applicable to the graduate d
egree. Requests 
to that effect were approved by the Civil Engineering
 Department and 
the Graduate School at the University. 
Working in cooperation with and under the superv1s1
on of D. H. 
Sawyer, the two graduate employees, Claude Brown
 and Loren Strunk, 
conducted separat'e phases of the project. Most of the work origina
lly 
planned was finished prior to their transfer from th
e Research Laboratory 
to other assignments last June, but some specimens
 remained and in the 
interim some new tests were added. The attached r
eport on the pro-
Ject covers all essential features of the work originally planned as well 
as some of the additions. 
A few times throughout the project the Bridge Division has asked 
for and received information on certain points - the 
bond strengths, for 
example. Thus, some use of the data has been tnad
e already, and I am 
D. V. Terrell -2-
December 16, 1954 
certain it will be of continuing use. The information h
as been summarized 
in tables and graphs for convenient analysis or use, a
nd the significant 
findings have been summarized in the conclusions. 
Aside from the numerical values useable in design, pr
obably the 
most pertinent results apply to durability. From the 
standpoint of freezing 
and thaw~ing tests as they are usually conducted, the con
crete containing 
expanded shale has practically no durability. Obvious
ly the conditions 
that prevail in a bridge deck are not the same as those
 imposed on concrete 
in the accelerated durability test where the concrete i
s very near complete 
saturation. Even so, it is obvious that concrete conta
ining an aggregate 
as absorptive as the expanded shale is vulnerable to m
oisture and freezing, 
so use of concrete of this nature without some protect
ion would be hazardous. 
Undoubtedly this need for protection accounts for the f
act that 
practically all of the bridges having decks with lightwe
ight aggregate are 
surfaced with an appropriate bituminous or mortar mi
x. Since this is 
a feature pertinent to the use that has been made of lig
htweight concrete 
in bridges, the Bridge Division may wish to review sm
ue of the literature 
we have on the subject - assuming it is not already in their files. 
cc: Research Committee 
Mack Galbreath ( 3) 
Re spect~ully submitted 
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INTRODUCTION 
Expanded shale is one of several artificial lightweight aggregates 
currently used in the production of lightweight concrete, Its use has be-
come rather widespread through recent improvements in production tech-
niques, mix designs, placement methods, and air entrainment. However, 
various types of lightweight concrete as such is not of recent origin, 
having been used in this country for more than a half century. 
Expanded shale aggregates are produced by heating a suitable 
shale to the point of fusion. Gases within the shale expand and thus form 
thousands of tiny air cells within the mass which are retained upon cooling 
and solidification. The finished product is a highly cellular aggregate. 
Burning takes place in rotary kilns under controlled temperatures rang-
ing from 1900 to 2200 "F. 
Raw shale may be expanded and vesiculated before or after crush-
ing to the desired size. In this instance the shale was burned before 
final crushing and grading. However, the resultant surefaces were reddish-
brow" in color which indicated that a large portion of the material did not 
undergo crushing after it had been calcined, When first mined it has the 
color of portland cement. To prevent disintegration, the shale must be 
protected from weathering until it is placed in rotary kilns. 
The raw material used in making this light aggregate is a blue 
shale, which is relatively soft, and is known geologically as the New 
Providence Shale. 
The principal objective of this investigation was to evaluate the 
physical and structural characteristics of concrete prepared with expanded 
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shale aggregate, in order to determine its potential use in bridge decks. 
For this application, the properties of strength, durability, and unit 
weight of the concrete are of major importance. 
The use of expanded shale concrete in bridge decks is not with-
out precedence. In 1928, the Kentucky Department of Highways made use 
of such m;;tterial in a bridg~J spanning the Ohio River nea~ Paducah. A 
Bridge Deck Survey, published this year by the Expanded Shale Institute 
of Washington, D. C., lists 45 bridges in the United States on which this 
material has been used since 1920. Approximately 69 percent of these 
were covered with various surface wearing courses. 
Test data included in this report were obtained, when possible, 
in accordance with Tentative Specifications for Lightweight Aggregates 
for Structural Concrete, A.S. T .M. Designation C330-53T. 
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M.A. TERI.A.LS .A.ND EQUIPMENT 
For the most part, conditions of tests and properties of the in-
dividual materials used were assumed to be constant throughout the 
entire progr.am. .A.ll materials, .except cement were obtained from a 
single source and used from storage . 
. Cement 
The cement was regular portland (Type I), purchased in bagll 
received in local shipments at various intervals during the investiga-
tion. .A.ir entrainment in certain concrete mixes was accomplished by 
use of commercial NVX incorporated as an admixture . 
.A-ggregates 
The expanded shale was obtained directly from the manufacturer's 
plant at Shepherdsville, Kentucky (Fig. 1), and delivered to the .Labo-
ratory in Highway Department trucks. The producer classifies this 
aggregate in three grades according to size. Specific any, these are: 
Coarse - 3 I 4 in. to 3/8 in. 
Medium- 3/8 in. to No. 4 
Fine - No . .4 to Dust 
Material of the three designations is shown in Fig. 2. Visual inspec-
tion of the aggregate showed that most of the p4rticles in the two top 
sizes were uncrushed after burning, while almost all of the No. 4 to 
Dust particles had been recrushed. 
Uncrushed particles were somewhat angular, although they had 
an almost uniformly rounded appearance. Crushed particles were more 
Fig. 1 ~ General view o£ the plant producing 
expanded shale aggregate. 
Fig. 2 -Fine, coarse, and medium sizes of 
expanded shale aggregate. 
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angular but showed no distinct cleavage planes. Burned surfaces were 
reddish brown to tan in color while crushed surfaces were dark grey. 
Faces of particles that had been crushed showed a very porous internal 
structure. 
Coarse aggregate for the control mixes consisted of No. 6 lime-
stone, and the corresponding fine aggregate was Ohio River Sand, both 
purchased locally. 
Reinforcing Bars 
The reinforcing bars used in the test for bond of concrete to steel 
were 3/4-in. deformed bars meeting the requirements for physical charac-
teristics set forth by A.S. T.M. Designation: C234-49T. These bars 
were purchased locally in 20-ft. sections and cut to the desired length. 
Mixer 
All concrete specimens were made from the plastic material as 
prepared in a 2-cu. ft .. Lancaster counter-current rapid batch mixer. 
Air Meter 
In addition to the gravimetric method, entrained air determina-
tions were made on each batch of concrete by the pressure method. The 
instrument used is known commercially as a Pres s-Ur-Meter. 
Constant Humidity Room 
Specimens that required a curing period at high humidity were 
stored in the laboratory moist-room, in which a fog in excess of 90 per-
cent relative humidity .and a temperature of 10-!: 3 •F. is maintained. 
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Freezing and Thawing Equipment 
All specimens subjected to freeze and thaw durability tests were 
frozen in air and thawed in water. Equipment used for this purpose is 
completely automatic and was manufactured by the Carrier Division of 
the United Clay Products Company. The devic~e contains two freeze com-
partments with a total capacity for forty-eight 3- x 5- x 20-in. specimens. 
Uniform cooling temperatures throughout are assured by use of two l/2-
h. p. circulating fans. Thawing of the specimens is accomplished by 
circulating constant temperature water from an adjacent tank into the 
freezing compartments. 
The period of time for freeze or thaw cycles can be varied by 
setting an individual electric timer for each cycle. The number of speci-
mens being tested or the type of aggregate used in the specimens may 
vary the length of cycle required to obtain the desired end temperatures. 
Under full capacity, the equipment is capable of producing four complete 
durability cycles in 24 hours. General features of the equipment are 
showr.. in Fig. 19. 
A continuous record of temperatures within the specimens was 
kept by a Micromax recorder connected to iron-constantan couples 
embedded along the major axes of a representative beam. These were 
known as "thermocouple" beams, and were cast at the same time and 
cured under the same conditions as those used for determining freezing-
and-thawing durability of the concrete. 
Sonic Apparatus 
The apparatus used to determine the dynamic modulus of elasti-
city of durability specimens before and during alternate cycles of freezing 
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and thawing is similar to that recommended by A. S. T. M. Designation: 
C215-52T. Test specimens were centered horizontally over an alum-
inum driving needle attached to a radio loudspeaker. Oscillations of 
the beam were induced by a Jackson Audio Frequency Oscillator having 
a range of from 20 to 20, 000 cycles per second. A Shure Brothers 
Model 61B pickup was placed over the geometric center of the beam. 
The condition of vibration in a fundamental mode was then detected with 
the aid of a Cathode-Ray Oscilloscope. 
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PROCEDURES AND RESULTS 
The physical characteristics of expanded shale aggregate are such 
that its use is recognized for a wide range of applications of concrete or 
a variety of concrete products. Properties of greatest importance in the 
concrete vary with the application, and thus proportioning of aggregate 
sizes depends on the purpose for which the lightweight concrete is made. 
Aggregate proportions for this study were selected on the basis of 7-day 
cmnpressive and flexural strengths obtained from preliminary mixes, 
with consideration given to degrees of workability and unit weights. 
Tests on Aggregates 
Respresentative samples of the three sizes of aggregate were 
selected for evaluation of physical properties in compliance with recom-
mended procedures. The gradations of the three sizes of expanded shale 
as received and used are shown in Table l. Unit weights and gradations 
of aggregate in each size, with the exception of the coarse material, 
fulfilled the requirements of a Proposed A.S. T .M. Tentative Specifica-
tion for Lighweight Aggregate For Use in Structural Concrete (See 
Appendix of this report). That size was low on percentage pas sing the 
3/8-in. sieve; however, a combination of the three sizes .met the A.S. 
T. M. requirements for combined coarse and fine aggrega-te. 
Specific gravity and absorption of all the aggregates were deter-
mined by the pycnometer method. Due to the high absorption for the 
shale aggregate it was necessary to extend the immersion period from 
24 hours to 48 hours to insure complete saturation. Results of these 
tests and the soundness of shale aggregates in sodium sulphate are shown 
inTable2. 
Table 1 - Gradation of Expanded Shale Aggregate as Received 
Sieve Analysis Per.cent Passing 
No. No. No. No. No. No. No. 
Aggregate 3/4 1/2 3/8 4 8 16 30 50 100 200 
Coarse 100 79.0 15. 5 1.5 
Medium 100 99.5 1'9. 0 3.0 1 . 5 
Fine 100. 79.0 53. 5 36.0 22.5 14 .. 0 9.0 
Table 2 - Physical Properties For The Three Sizes of Expanded Shale 
Aggregate. 
General 
Bulk Specific Gravity (S.S.D.) 
Bulk Specific Gravity (O.D.) 
Apparent Specific Gravity 
Absorbed Moisture (percent) 
Unit Weight - Loose (lbs. per cu. ft.) 
Unit Weight - Compacted {lbs. per cu. ft.) 
NA2 S04 Soundness - 5 cycles (percent) 
Finenes.s Modulus 
Coarse 
1. 61 
l. 47 
l. 71 
9.7 
48.0 
54.4 
4.6 
Medium Fine 
1.55 1.95 
l. 41 l. 82 
1.64 2.1 
10.0 7.6 
46.6 55.4 
51.3 62.6 
1.9 1.1 
2.96 
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Preparation of Concrete Specimens 
Preliminary concrete mixes were proportioned and tested to deter-
mine the acceptable limits of concrete containing this aggregate, and to 
establish the proportions to be evaluated in this study. Cement contents 
and the percent of coarse, medium, and fine sizes of aggregate were varied 
in determining these relationships. 
Results of the preliminary studies are shown in Figs. 3 and 4. 
On the strength of these results, the basic aggregate proportions select-
ed for further considerations were: 
30 percent- 3/4 in. 
20 percent 3/8 in. 
50 percent - No. 4 to Dust 
The percent of fine aggregate in relation to the above combination of 
coarse and medium sizes was also increased to 60 percent and evaluat-
ed concurrently with the above proportions. The basis for selecting 
the combination of coarse and medium sizes of aggregate used was 
largely dependent upon gradation requirements in the ASTM Specifica-
tion. This combination of two sizes was designated as the "coarse" 
aggregate, and it remained constant throughout the project. 
Cement factors for the different aggregate proportions ranged 
from 4. 50 to 5. 75 bags per cubic yard. 
Mixes were designed and proportioned by standard methods which 
are used by the Laboratory in studies on dense-aggregate concretes. 
The method is based on the solid volume of each constituent used in 
the mix. In general, the method followed in the design of these mixes, 
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was as follows: For a given volume of concrete, bas
ed on the number 
of specimens to be made, solid volumes of predetermi
ll;"'d qu<~,tj.titif's of\ 
cem~nt, water and air (if air entrainment is to be used) ,,,were,;!"alculaf~d. 
These'combined volumes subtracted from the desired
 vol~we ~(~concrete 
gave the volume to be occupied by the coarse and fin
e aggl"¢g~t~,s. By 
using this volume and the percentages of each aggreg
ate desired inth~ 
mix, the dry weights of each fraction required for an
y proportio,tt,(~g were 
calculated. 
The proportions used in mixes for the evaluation of e
xpan.ded shale 
aggregate, expressed as weight of cement, fine aggre
gate, and coarse 
aggregate were: 
1:1.65:1.65 
Without Air Entrainment 1:2.10:2.10 
1:1.98:1.32 
The addition of an air entraining admixture reduced t
he !]l~antity 
of fine material required in the mixes and these prop
ortions were: 
1: 1. 43: l. 6 5 
With Air Entrainment 1:1.95:2. 10 
1:1.76:1.32 
Three specimens were prepared for each test'conditi
on, Jneluding 
CC!)il,~~rable mixes with and without air entrainment. (Note: Addition.al 
~P~~I'tnens, fo,r the freeze-and-thaw durability tests, we:10e, made using 
~<··· j' .• ,. ,·"' : 
~~o~~rlilcli>rts :bther than these at later date - See Table 5). T'~;\.init 7 •.·.· 
we;g~£~1:~l;l;2bn.;:rete made with expanded shale and mixed in these pr,opor-
' ' 
'tions'are cSJil!)i"(t~),n Table 3. 
Table 3 - Unit Weights and Moisture Contents of 28-Day Concrete Cylin-
ders Made With Expanded Shale Aggregate. 
C ondi ti on of .Concrete 
Mix Prop. 
By Dry Wt. 
Cement To 
Aggregate 
Saturated Surface Dry 
Unit Wt. Moisture 
(lb. per Content 
cu. ft.) (percent) 
1: l. 65: l. 65 108. 84 
1:1.43:1.65* 105.74 
1:2. 10:2.10 105.32 
1:1.95:2.10* 100.69 
1:1.98:1.32 107.50 
1:1. 76: l. 32.* 103. 73 
* Air-Entrained Specimens 
17. 6 
17.7 
21.4 
20.6 
20. 1 
19.0 
Oven Dry 
Unit Wt. Moist. 
(lb. per Cont. 
cu. ft.) (pet.) 
92.56 
89.87 
86.79 
83.48 
89.53 
87. 19 
0 
0 
0 
0 
0 
0 
Resaturated 
Unit Wt. Moist. 
(lb. per Cont. 
cu. ft.) (pet.) 
105.82 14.3 
102.47 14.0 
101. 28 16.7 
103.89 16.0 
100.48 15.3 
Note: All specimens immersed 7 days, oven dried to constant weight, and 
again immersed (resaturated) to constant weight. 
Table 4 - Modulus of Elasticity Data As Determined By Beam Deflection 
and Cylinder Deformation. 
Mix Prop. 
By Dry.Wt. Modulus of Elasticity Compressive Flexural 
Cement To Ex106 (p. s .. i.) Strength Strength 
Aggregate 3x5xZU in. Beams 1ixl2 in, cyr- (p.s.i.) (p.s.L) 
1: l. 65: l. 65 l. 15 1.11 4640 615 
1:1.43:1. 65* l. 75 1. 62 4980 555 
1:2. 10:2.10 2.01 l. 50 3865 370 
1: l. 95:2. 10•> 1. 53 l. 29 3090 355 
1: l. 98: 1. 32 2.31 l. 73 4270 505 
1:1.76: l. 32* L 75 l. 79 4515 490 
Limestone l. 87 2.45 4385 600 
~'Air-Entra1ned Specimen 
Note: Results are averages for tests on three 28-day specimens. 
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Volume Change Characteristics 
Volume changes for shale concrete mixes were determined on 
2- x 2- x 12-ino prisms having stainless steel inserts cast in each end 
to facilitate rrwasurements. During the entire test period these prisms 
were stored under normal moist-room conditions of 70 : 3°F. and a 
relative hurnidity in excess of 90 percenL Volume change data, mea-
sured as linear expansion, are shown in Fig. 5. The increase in length 
for the limestone-concrete prisms after 90 days was approximately 70 
percent of that for average shale mixes. 
Wear Test 
The method for determining resistance to wear and abrasion in-
volved the only significant deviations from the proposed A. S. T. M. proce-
dures. In fact, the particular methods used in this instance for evaluating 
these features are not contained in any specification or procedure insofar 
as the authors have been able to determine 0 
The method involved placing sn~all spheres of concrete in a L.A. 
Abrasion rnachine and determining their loss in weight after repeated 
revolution of the rnachine. The cast-iron spheres normally used as the 
abrasive charge in standard tests with this equipment were removed from 
the machine, and three concrete spheres, for each test condition, were 
tested simultaneously under the rotating actiono 
The small spherical samples of the various concrete mixes were 
prepared by placing the plastic mixtures in hollow rubber balls of 3. 4°-in. 
diameter. The concrete was placed and compacted by agitation with the 
forefinger in each rubber ball until the interior was filled and a sphere of 
concrete formed. 
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These sa;-rnple.s were cured under 1noi.st-roo.:tn conditions for a 
period of 28 days, at which ti.J:ne the spheres were tested in the abrasion 
machine and their weight loss recorded at intervals of 100 revolutions. 
The determinations were discontinued after 500 revolutions, and results 
for the different rnixes com:piled as shown in .Fig. 6. The relationship 
of these results showed that the concretes of higher cmnpressive strength 
had a higher resistance to abrasion. Shale concrete showed a much greater 
resistance to wear th .. an. did Urnestone concrete, 'I'he lirr.testone concrete 
spheres tended to spU!:-in···half and disintegrate early in the tesL 
Expanded-shale concrete sphe?tes before and after testing in the 
abrasion machine are illustrated in Fig. ?, and Fig" 8 shows spheres 
of l:i.rne stone conCI-:'ete a:[te:r the s.a:,rr1e t:reatKnent~ 
G O_!~P r e s s i 'Y~.-~!J:~!~~!.e xu r ~!~--.~~:~:::'!.~~ th ~--
All strength test speci:r ..r.J.e:ns we:re cast and m.olded. in accordance 
with A. S. T" M" Standard Specif:i.cations" Molds were removed from all 
specimens within Z4 hours after casting ani! the spechnens were moist-
cured until the designated age of test (Phy><ical properties of all mix pro-· 
portions used are shown in Table 6 of the Appendix.)" 
Comp:ressive strengths of ex,Jan.ded shalco concrete, with a cement 
content of approxJxnately 5. 5 bags per cubic yard, were equal to and 
often higher than those obtained with dense concrete. The average 28-
day com.pressive strength Jor the 1:1. 65:L6'5 xnix was 4640 p" s.L while 
this material, with entrained air, gave a value o.f 4980 po s. L The 
leanest mix (1:2" 10:2. 10), containing 4" 5 hags of cernent, averaged 
2950 po s" i. withottt a:Le entra:i.n:rD1ex1t but the use of air lowered this value 
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Fig. 5 - Relationship between expansion in length and the age 
of concrete bars :containing expanded shale (average of 
measurements on three bars), The numbers refer to mix 
proportions by dry weight, cement to aggregate. 
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Fig. 6 -Results of test on concrete .spheres in the L. A. Abrasion 
Machine. The numbers refer to mix proportions by dry weight, 
cement to aggregate. 
Fig. 7 - Expanded shale concrete spheres before 
and after 500 revolutions he the L.A. Abra-
sion Machine. 
Fig. 8 - Lirnestone concrete spheres after 500 
revolutions in the L.A. Abrasion Machine. 
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to 2750 p. s. L - both determined at 28 days. In this instance, the de-
crease through air entraim:nent was the result of an excessively high air 
content for the m.l.x. Gmnp:ressive strengths of the specimens are plotted 
g:raphically in Fig. 9. 
Flexural strengths for given rnixes were som.ewhat less consis-
tent than were com.pressive strengths. More specifically, the :relation-
ship which normally exists between the two types of strength for concrete 
containing dense aggregates, did not occur with the expanded,.·shale con-
crej:e specimens. Expanded-shale beams did not attain as high a percen-
tage of the corresponding cornpressive strengths as did the concrete con-
taining lin1e stone. 
The flexural strengths of all mixes increased up to the 90 -day 
test, at which time the lhnestone n1.ix exhibited the greatest strength. 
Prior to that age the superiority of the concrete with Hm.estone was not 
so marked, but it had appreciably higher flexural strength at all ages, 
Flexural strengths are shown by bar graphs in Fig, 10. 
Bond To Steel 
The bond c:haracteristic.s of expanded shale concrete were st.udied 
through 18 pull-out tests, Nine specimens ccmtai.ni.o,g limestone aggre-
gate were included for cornpadson. Three spechnens, both with and 
without air entra:im:nent, were tested for each of three separate mix 
designs using expanded shale, and for one n:dx design using limestone 
aggregate. T'he defoJ,ned reinforcing bars, 3/4~·in, in diameter, were 
embedded 12 diam.eters in all cases. 
Mix Proportions By Curing ·c ssive 
Dry Weight Period 0 0 0 0 0 
Cement to Aggregate (Days) 0 0 0 0 0 0 0 0 0 0 
-
N 
"' "' "' 
9.0 
1:165.:1.&5 28 
7 
90 
l:l.43:J.65* 2B 
7 
90 
Limestone 28 
7 
90 
1:1. 98:1. 32 28 
7 
90 
1:1.76:1. 32* 28 
7 
90 
1:2. 10:2.10 28 
7 
90 
1:1.95:2. 10* 28 
7 
* Air Entrained Specimens 
Fig. 9·- Relationships among co~pressive strengths of concrete 
specimens representing the various mixes. 
Mix Proportions By Curing Flexural th . s. i. ) 
Dry Weight Period 
Cement to Aggregate 0 0 0 0 (Days) 0 0 0 0 
N '<j< -.0 co 
90 
1:1.65:1.65 2.8 
7 
90 
li I. 43·:1. 65 * 2.8 
7 
90 
Limestone 2.8 
7 
90 
1: I. 98: l. 32. 28 
7 
90 
1: I. 76: l. 32* 28 
7 
90 
1:2. 10:2.10 28 
7 
90 
1: I. 95:2. 10* 28 
7 
* Air Entrained Specimens 
Fig. 10 - Relationships among flexural strengths of concrete 
specimens representing the various mixes. 
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Slip of the bar at the load,ed end was measured with 0. 00 l in. 
Ames dial rn_icrometer gauge, and estitnates were made to the nearest 
0. 0005 in. Two such gauges were held secure at the loaded end by 
means of a yoke attached to the specimen. These gauges were in con-
tact with a steel support bar which was fastened to the reinforcing bar 
approximately 1. 2 in. below the bearing surface of the concrete. The 
support bar was free to rnove in a horizontal slot in the cylindrical 
bearing plate. The average of the gauge readings indicated the amount 
of moven1en!: of the point on the deforxned bar at which the support bar 
was attached, with reference to the lower face of the concrete. 
Slip at the free end of the bar was read directly from a 0. 000 l-
in. dial gauge, the stem of which rested freely on the end of the bar. 
This gauge was supported by a stand set on top of the concrete, as .shown 
in Fig. 11. 
All bond specim.ens were tested at the age of 28 days. Dial 
readings were taken on the testing rnachine at 2000-lb. load increments 
with load applied until the bar pulled out rapidly or until the yield point 
of the bar was reached. Results of the several tests are plotted in Figso 
13 to 16. 
Modulus of El~~Hciti 
The spechnen arrangements for deterrrdning Young's modulus 
of elasticity are shown in Figs. {?.and 18. Determinations were made 
on 36 compressive and flexural spechnens of concrete containing expanded 
shale, and on 6 speci:cnens o:f concrete containing li:rnestone. Average 
results of the tests are tabulated in Table 4. 
Fig. 11 - Arrangement of specilnen for 
bond test. Lower dials on yoke mea-
sure slip at the loaded end and the 
upper dial measures slip at the free 
end. 
Fig. 12 -Bond test spechnen, split after com-
pletion of the test to show evidence of slip. 
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5 6 B:,rs C2J:t in Lower Horizontal Position 
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13 - Load- sllp curves obtained from bond tests on con-
crete· specimens containing expanded shale aggreg;3.te 
{60% fines) with a cement factor of 5. 62 bags per cubic 
yard. 
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14 - Load- slip curves obtained fro.m bond tests on con-
crete specimens containing expanded .shale aggregate 
(50o/o fines) with a cement factor of 5:.75 bags per .cubic 
yard. 
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Fig. 15 - Load-slip curves obtained from bond tests on con-
crete specimens containing lime stone aggregate with a 
cement factor of 5. 20 bags per cubic yard (non-air en-
trained). 
0 . 004 
Cast in Vertical Position 
Cast in Upper Horizontal Position 
Cast in Lower Horizontal Position 
.008 .012 .016 . 020 
S~ip At Loaded End (Inches) 
Fig. 16- Load-slip curves obtained from bond tests on con-
crete specimens containing expanded shale aggregate ( 50o/o 
fines) with a cement factor of 4. 52 bags per cubic yard. 
Fig. 17 - Arrangernent of specin1en and 
dials for determining static 1nodulus 
of elasticity in cornpre s 
Fig. 18 -
equipment 
of elasticity 
of l)e~lrn Bpecimen and 
static r.nodulus 
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The rather widie range in results for comparable mixes was at~ 
t:rihuted, in most cases, to difficulties in maintaining constant test 
procedures. Due to the nature of these tests, .it was assumed that the 
data obtained on the cylinders were more accurate than those for corres~ 
pending beams. The range in values for compressive specimens of con-
crete with expanded shale and different 1nix proportions was from l. llx 
106 to 1. 79xl06 p. s.i. These values weretr>considerably lower than those 
for concrete containing 1hnestone. 
Durability 
Beams to be tested for freeze-and-thaw durability were moist-
cured for a period of 2:6 days. They were then immersed for 48 hours 
in a water bath at 42: ~F. The only exceptions to this procedure are noted 
in Table 5. After removal from the bath, the beams were surface dried 
and weighed to the nearest 0. l lb. The fundamental frequencies at which 
these beams vibrated without restraint were determined and the initial 
sonic moduli of elasticity computed. 
Next the specimens were placed in the autornatic freeze-thaw 
equipment shown in Fig. 19, where the saturated beams were frozen in 
air to a temperature of 0 oF. and thawed by circulating water at 42 oF. 
Normally, for dense concrete, four complete cycles of freezing and thaw-
ing per 24-hour period may be obtained with 3- x 5- x 20-in. specimens. 
This procedure, consisting of 4 hours of freezing followed by l-l/2 
hours of thawing in each cycle, was not used in the tests on lightweight 
concrete since the cycles were not .of sufficient length to permit the beams 
to reach the desired end temperature. Instead, the freeze period was ex-
tended to 5 hours and the thaw period to 2 hours, within which time the 
Fig. 19 - Automatic freeze-thaw equipment. 
Freeze compartments are at the left; the 
tank at right contains constant tempera-
ture thaw water. 
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correct ternperature could be obtained at the center of the specimens. 
Twenty·· seven beams (3 x 5 x 20 in.) containing shale aggregate 
were subjected to freezing and thawing by the method described above. 
In several instances, it was impractical to remove a given bea1n from the 
equipment at the time 40 percent reduction in sonic modulus occurred. 
Such beams either reached this reduction very early or showed little de-
crease from the original modulus before disintegration took place. Very 
few beams showed a gradual reduction. 
The effect of air entrainment on the durability of concrete con-
taining expanded shale may be seen by comparison of Figs .. 20 and 21. 
Relative durability characteri.stics of all the different mixes are indicated 
by the values in Table 5. Only one of the mixes containing saturated shale 
aggregate had what would nortnally be considered fair or good resistance 
to alternate cycles of freezing and thawing. In this case, however, the 
concrete specimens were oven-dried to constant weight and resaturated 
prior to beginning the freeze and thaw tesL 
This procedure netted a reduction of approximately 4 percent mois-
ture in these specimens.. Such a difference in moisture content of other-
wise comparable specirnens is assurned to account for the greater resis-
tance to freezing and thawing exhibited by the beams that were dried and 
resaturated, This observation appears to be substantiated by the data 
obtained on expanded-shale concrete mj.xes made at a later date using 
aggregates in a dry condition. Results on these rnixes are incomplete at 
this time. Nevertheless, a cornparison of the data in Table 5 indicates 
that the use of dry shale aggregate at the tim.e of rnixing the concrete will 
materially increase its resistance to alternate cycles of freezing and 
Fig. 20 - Prism of air-entrained concrete con-
taining expanded shale aggregate after 52 
cycles of alternate freezing and thawing. 
Mix proportions, cement tq aggregate were 
1: l. 43: l. 65. 
Fig. 21 -·Remains of two prisms made with non-
air-entrained concrete containing expanded 
shale after 27 cycles of freezing and thawing. 
Table 5 • Freeze~and-Thaw Test Results for Individual Specimens. 
1x Prop. 
By Dry Wt. 
Cement To 
A$g;regate 
,Air Content* 
{Percent} 
Cycles t 
To Failure 
Modulus of Rupture 
At 40o/o Red.· in Sonic 
{p. s .. i.} 
Specimens Frepared With Aggregates Saturated - Surface Dry 
z .. s 53 
1: l. 65:1.65 2.4 18 
2.7 23 
1:1.43:1.65 5.9 26 
8.5 52 
z 
1:2. 10:2. 10 4.0 27 
4 •. 0 8 
9 
1:1.95:2.10 9.0 74 
7 .. 5 54 
1:1.94:1.56 4.5 42 
4 .• 5 42 
z 
1:1.67:1.56 8. 7 82 
8,7 82 
z.o 489 
.Limestone 2.0 489 
2.0 489 
Specimens Prepared With Dry Aggregates 
1:1.65: l. 65 
10.2 
10.2 
10.2 
256 
256 
256 
30 
ce 
0 
180 
40 
110 
20 
60 
1 
150 
40 
Test Incomplete 
Avg, 18o/o Red. For 
Three Specimens. 
Test Incomplete 
Avg. 16% Red. For 
Three Specimens. 
Specimens Oven Dried and Resaturated Prior to Freeze & Thaw 
3.5 169 
1: 1. 9 8: l. 32 3.9 119 
4.2 99 
1:1.76:1.32 7.0 197 
9.5 479 
* Determined by air meter. No corrections applied for aggregates. 
The difference between low and high readings for corre.sponding 
mixes indicated the pe11cent of air entrained. 
:j:: Except where Modu1"11S o:f Rupture values are .shown specimens were 
subjected to test until complete disintegration occurred. 
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thawing. Since the strengths of concrete made under these conditions 
are similar, the difference in their durability is largely attributed to 
the moisture in the aggregate at the tinte of freezing and thawing. 
This relationship is much less pronounced for concrete containing 
"limestone aggregates because of the relatively low absorption of lime-
stone. Absorption values are appro:><imately 0 .. 5 percent for limestone 
as compared to 10.0 percent for coarse and medium sizes of expanded 
shale. 
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DISCUSSION 
Freeze-and-thaw durability i.s the only point o·n which the per-
formance of concrete with expanded shale concrete was exceptionally 
poor. This, of course, is based on a method of testing similar to that 
used for dense aggregate concrete, which creates a question as to whether 
this is so severe it is not in keeping with anticipated service conditions. 
It was previously mentioned, in describing the procedure used 
for the freeze-thaw tests, that the time for each cycle was increased. 
The two principal conditions which appear to require this increase are: 
( l) The high degree of saturation of the shale 
beams 
(2) The l.ow rate of heat transfer due to the re-
duced therm.al conductivity of shale 
It is interesting to note that after the beams had been subjected to a few 
cycles of freezing and thawing, and thus were deteriorating, the time 
required to raise and lower their temperature gradually decreased. 
This indicates that the rate of heat transfer increased as the beams dete-
riorated. 
Expanded- shale concrete bearns continued to absorb moisture a's 
the freeze--and~thaw test progressed. This was evidenced by slight in-
creases in weight of the individual beam.s. Time-temperature curves 
showed a definite heat of fusion effect for shale beams within any given 
freeze period. Tl1is effect for con.crete h,carns coT.ttaining limestone 
aggregate was not ohserv.able~ although it probably exists. Sensitivity 
~-
- 18 
of the mechanism for measuring and recording temperatures was great 
enough to detect the heat of fusion effect in the lightweight concrete, but 
too limited to detect it in the concrete containing limestone. 
The conditions noted here appear to substantiate Pickett' S'~theory 
of the physical changes that occur during the freezing of hardened cement 
and hence to some extent, hardened concrete. He states; "As the tem-
perature of a specimen is lowered from room temperature down to about 
4"C. the temperature of maximum density of water, the evaporable water 
will tend to contract more than the solid portions. This means that if the 
specimen was saturated at room temperature, it will be less than saturat-
ed at 4"C. From 4"C. to O"C. the solid structure continues to contract, 
while the water expands slightly. The net effect from room temperature 
to o·c. is a greater contraction for the water so that at o·c. the specimen 
will still not be saturated unless the lowering of temperature has been at 
a relatively slow rate with water for absorption available. In that case, 
the specimen could become supersaturated on the way between 4"C. and 
O"C. What m.ay be a slow rate for one specimen may be a fast rate for 
another because of differences in size or differences in absorptive pro-
per ties 11 G 
The method for measuring air content of concrete was another 
_point on which the lightweight material differed from denser concrete. 
When the pressure rnethod is used, it is essential that specific gravities 
and aggregate correction factors be very accurate. For expanded shale, 
it is difficult to obtain these values with a high degree of accuracy, and 
* Pickett, Gerald - "Flow of Moisture in Hardened Portland Cement 
During Freezing". 
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so the pressure method is not reliable. In this investigation, air content 
was measured indirectly with a pressure meter. The quantity of air en-
trained in a given mix was assumed to be the difference in readings on 
mixes with and without an air-entraining admixture. This is recognized 
as a :rough approximation. However, in this case the contrast of-impor-
tance was concrete with and without deliberately entrained air, and not 
the trends that developed in air-entrained concrete containing different 
amounts of air. 
During the preparation of specimens it was found that when low 
cement factors were used and there was no air entrainment, it was diffi-
cult to .obtain workable and plastic mixtures. The high water content re-
quired for such m_ixes resulted in excessive bleeding and segregation. 
These undesirable features were largely eliminated by the use of air en-
trainment. 
Excessive bleeding of shale .concrete may also be controlled, to a 
large extent, b)lf the use of non-saturated aggregates. Aggregates which 
are less than saturated at the time of mixing will absorb a portion of the 
rtetmixing water. The high rate of absorption for shale (approximately 9.0 
percent) causes this feature to be significant, and it should always be con-
sidered in determining mix designs. 
The perfor=ance of shale concrete in the improvised abrasion 
test was far superior to that of limestone concrete. However, there is 
some question as to what this type of test indicates. Apparently the lime-
stone concrete spheres failed under the repeated impact of dropping from 
the shelf in the L.A. Abrasion machine. Some abrasive action was undoubt-
edly taking place as the machine rotated - but in view of the known performance 
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of limestone concrete under abrasive action it seems probable that resis-
tance to impact was by far the most important feature of the test. From 
the results of this test there appears no evidence rc:gc-.:edin.c; ti-:c 2.hil:i.t~r 
of shale concrete to resist abrasion of traffic, for eo<2.TilJc le, but the datD. do 
show a high resistance to shattering under shock or impact loads. 
Finally, the performance of any expanderl-shale aggregate will 
logically vary slightly because of several factors which influence the 
physical characteristics of the finished product. Factors certain to be 
influential are the method of manufacture and treatment of the aggregate, 
the composition of the raw material, and the degree to which the ma-
terial has been calcined. 
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SUMMARY 
In brief, the investigation has shown that concrete mixes contain~ 
ing expanded shale aggregate can have: 
l. Compressive strengths approximately equal 
to those of comparable concrete mixes containing dense 
aggregate, 
2, Flexural strengths slightly lower than those 
o£ cmnparahle concrete mixes containing dense aggregate, 
3, A satisfactory bond with reinforcing steel to 
the yield point of the steel, even though the relation he-
tween slip and bond stress is somewhat less favorable 
for the light-aggregate concrete than for comparable 
dense concrete, 
4, An extremely poor resistance to freezing and 
thawing as it is carried out in the usual manner of dura-
bility testing, 
5, An inherent resistance to resaturation after 
having been dried- a factor that could be of considerable 
value with regard to durability under some service con-
ditions, 
6, An increase in resistance to freezing and thaw-
ing through to use of air entrainmenL 
7. A high resistance to abrasion - as .measured 
by a modified Los Angeles type test. 
8, Unit weights approximately 35 percent less 
than those for corresponding mixes containing limestone 
aggregate, 
APPENDIX 
Table 6- Properties of Expanded Shale Concrete With and Without Ai
r Ent L<LLHUL<OU .. 
Mix Proportions Cement Compressive Strength {psi) Flexural Stren!!th si\ 
Percent Unit Weig);lt 
By Dry Weight Factor 
W/C Air* 
Cement to Aggregate Bags/cu. yd. 7 Days 28 Days 
3 Months 7 Days 28 Days 3 Months 
Slump Gal/Bag MeterGrav, Actual Calc. 
Avri. AVO!. AvO!. Ave:. Avf!.. 
Avf!.. Avg. 
5.75 ~ 4530 ~ ~ ~ ---Wn 
2-1 I 4 8.3 Z.6 0.6 106. 6 107.2 
1:1.65:1.65 5.74 5. 75 3110 3190 4690 4640 
584<l 5485 4!5 ~ 6!5 730 670 2.0 8.5 2.5 0.4 107.8 106. 5 
5.75 3395 4705 ~ 440 580 ~ 2-1 /2 8. 7 Z.7 0.6 107.0 106.5 
5.70 ~ 4690 ~ ~ ~ ~ 2-1 I 4 
7. l 6.Z 3. 0 104.4 107.3 
1:1.43:1.65 5. so 5. 75 4140 3710 5440 4980 5 50
0 5405 480 ~ 555 ~ 635 z.o 7.Z 7. l 4. 0 10
3. 8 107.5 
5.80 3 520 4805 5400 480 540 600 2-1/2 7. 5 8.5 6.5 
100.4 107.0 
4.60 1575 3290 ~ ~ ~ -m- 2-1/4 10.8 Z.6 
!.5 100.4 104.4 
1:2.10:2.10 
..1...2.£_ 4. 54 1510 152 5 2760 2950 3865 Z85 
370 ~ 495 2-1 2 11. 0 3.0 2.0 102. 6 104.6 
4.45 1485 2805 3750 250 
330 400 2-3/4 11. 2 5.0 Z.4 10 l.
 0 104.2 
~ 1735 2840 ~ ~ ~ --,-±2!'.. 
1-3/4 9.5 8.0 6.5 99. 8 106.0 
I 1:1.9
5:2. 10 ~ 4.51 1255 1565 2610 2750 13470 3090 ~ 230 ~ 355 ~ 5
65 3- l /2 10. 0 8. z 6. 0 99.0 10 5. 2
 
4. 56 1700 2805 2 510 Z50 410 
640 z.o 9.0 8.5 6.4 98.0 105.6 
* 
3130 4405 14665 ~ ~ ~ 2-l/4 9. 4 4.0 2
.0 105.0 107.6 
1:1.98:1.32 ~ 5.58 2705 2735 4005 4270 15450 4710 ~ 395 ~ 540 ~ 
640 2-l/4 9. 6 3.8 !.8 105.4 107.0 
5.55 2370 4405 40b 360 
530 645 2.0 9.6 3.8 l.O ros. 6 106.8 
~ 310 5 5285 ~ ~ ~ ~ 
2-3/4 8.5 8.0 5.5 101. 8 107.5 
1: l. 76: l. 32 ~ 5.66 2275 2645 3960 4515 ~ 4555 ~ 4ZO ~ 490 ~ 
530 2--} /2 s.z 9.0 6.5 100.4 107.5 
5.68 2560 4300 4035 4ZO 460 
490 2-1/2 8. 4 9.5 7.0 100.0 108.0 
~ 3390 4460 ~ ~ ~ ~ 
2-1/2 6.8 2. 0 l. 6 147.2 lSI. 0 
Limestone ~ 5. 19 3100 3330 4185 4385 ~ 4480 ~ 575 ~ 6Z5 
840 795 2-1 /2 7.0 z. 4 !.8 147.6 150.8 
5.20 3495 4510 4640 575 
640 800 2-1/4 6.8 2.~~!2: L._l:':!_7.6 150.0 
~ The q•-1antity of air entrained in the shale mixes was considered as th
e difference in readings on corresponding mixes with and without the
 admixture. 
Scope 
Tentative Specifications For 
LIGHTWEIGHT AGGREGATES FOR STRUCTURAL 
CONCRETE1 
ASTM Designation: C 330-53T 
Issued, 19532 
These Tentative Specifications have been approved by the 
sponsoring committee and accepted by the Society in ac-
cordance with established procedures, for use pending 
adoption as standard .. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia, 
Pa. 
1. These specifications cover lightweight aggregates intended for 
use in structural concrete in which prime considerations are lightness in 
weight and compressive strength of the concrete. 
Note - Concrete for such purposes as fire-proofing and fill, 
and for concrete constructions the use of which is based upon 
load tests and not conventional design procedures, is not 
covered by these specifications. 
General Characteristics 
2. (a) Two general types of lightweight aggregates are covered 
by these specification, as follows: 
Aggregates prepared by expanding, calcining, or sin-
tering products such as blast furnace slag, clay, diatomite, 
fly ash, shale, or slate. 
Aggregates prepared by processing natural materials, 
such as pumice' scoria, or tuff. 
1 Under the standardization procedure of the Society, these specifications 
are under the jurisdication of the ASTM Committee C-9 on Concrete and 
Concrete Aggregates. 
2 Accepted by the Administrative Committee on Standards, December 16, 
1953. 
These specifications, together with the Tentative Specifications for Light-
weight Aggregates for Concrete Masonry Units ( C 331-53T), are intended 
to replace the present Standard Specifications for Lightweight Aggregates 
for Concrete (C 130-42). 
TABLE I - GRADING REQUIREMENT FOR LIGHWEIGHT AGGREGATES FOR STRUCTURAL CONC
RETE 
Size Designatio;, 
Fine Aggregate: 
No. 4 to 0 
Coarse Aggregate: 
lin. to 1/2 in. 
1 in. to No. 4 
3/4 in. to No. 4 
1/2 in. to No. 4 
3/8 in. to No. S 
Combined Fine 
and Coarse 
Aggregate: 
I/2 in. to 0 
3/8 in. to 0 
1 in. 
95-100 
95-100 
100 
Percentages {by Weight) Passing Sieves Having Square Openings NO.4 --No~-8--No.!o- ~o:-50 No. TOO 
3/4 in. 1/2 in. 3/8 in. (4760- {2380- (1190- {297- {149-
90-100 
100 
100 
0-10 
25-60 
100 
20-60 
90-100 40-80 
100 80-100 
95-100 
100 90-100 
micron) micron) micron) micron) micron) 
85-100 
0-10 
0-10 
0-20 
5-40 
50-80 
65-90 
0-10 
0-20 
35-65 
40-80 10-35 
5-20 
10-25 
5-25 
2-15 
5-15 
(b) The aggregates shall be composed predominately of light-
weight cellular and granular inorganic material. 
Grading. ·" 
3. (a) The grading shall conform to the requirements shown in 
Table I. 
(b) Uniformity of Grading - To assure reasonable uniformity 
in the gradation of successive shipments of lightweight aggregate, fineness 
modulus shall be determined on samples taken from shipments at intervals 
stipulated by the purchaser. If the fineness modulus of the aggregate in any 
shipment differs by more than 7 per cent from that of the sample submitted 
for acceptance tests, the aggregate in the shipment shall be rejected, unless 
it can be demonstrated that it will produce concrete of the required charac-
teristics. 
Unit Weight 
4. (a) The uuit weight of lightweight aggregates shall conform to the 
requirements shown in Table II. 
(b) Uniformity of Weight - The unit weight of successive ship-
ments of lightweight aggregate shall not differ by more than 10 per cent 
from that of the sample submitted for acceptance tests. 
Deleterious Substances , 
5. Lightweight aggregates shall not contain excessive amounts of 
deleterious substancEls, as determined by the following limits: 
TABLE II- UNIT WEIGHT REQUIREMENTS OF LIGHTWEIGHT AGGRE-· 
GATES FOR STRUCTURAL CONCRETE. 
Size Designation 
Dry Loose 
Wt. Max. 
lb. /cu. ft. 
Fine Aggregate ... o •• 0 o 0 •• 0 • 0 0 0 0 • o ••• o ••• o ••••••••• 0 0 • • • • 70 
Coarse Aggregate 0 0 • 0 0 0 0 0 0 0 0 0 •• 0 •••••••• 0 • 0 0 o 0 0 • 0 •••• 0 Oo 55 
Combined fine and coarse aggregate. 0 0 0 0. 0 •• 0 0. o 0 0 o o 0 0 0. 0 0. 65 
(a) Orgnaic Impurities - Lightweight aggregates that, upon 
being subjected to the test for organic impurities, produce a color darker 
than the standard shall be rejected, unless it can be demonstrated that the 
discoloration is due to small quantities of materials not harmful to the 
concrete" 
{b) Staining - Lightweight aggregates that, upon being sub-
jected to the test for staining materials, are classified as "heavy stain" 
or darker by the visual staining test, shall be tested by the chemical pro-
cedure, and aggregates that contain 1. 5 mg or more of ferric oxide {Fe 2 
o 3) shall be rejected for use in structural concrete. 
Note 1 - This requirement is designed as a means of defin-
ing the degree of staining to be expected from lightweight 
aggregates containing iron compounds which may or may 
not produce stains on the surface of the concrete. 
(c) Clay Lumps - The amount of clay lumps shall not exceed 
2 percent by dry weight. 
(d) Loss on Ignition - The loss on ignition of lightweight aggre-
gates shall not exceed 5 per cent. 
Note 2 - Certain processed aggregates may be hydraulic 
in character, and may be partially hydrated during pro-
duction; if so, the quality of the product is not reduced 
thereby. Other aggregates may in their natural states 
contain innocuous carbonates or water of crystallization, 
which will contribute to the loss of ignition. Therefore, 
consideration should be given to the type of material 
when evaluating the product in terms of ignition loss. 
(e) Durability - In the absence of a proven record of satisfac-
tory durability in structural concrete, lightweight aggregates may be re-
quired to pass an accelerated soundness test or a concrete freezing and 
thawing test satisfactory to the purchaser. 
Concrete-Making Properties 
6. Concrete specimens containing lightweight aggregate under test 
shall meet the following requirements: 
(a) Compressive Strength, Unit Weight, and Absorption- It 
shall be pas sible to produce structural concrete, using the lightweight ag-
gregates under test, such that one or more of the compressive strength 
requirements in the following table will be satisfied without exceeding the 
corresponding maximum absorption and unit weight values. Intermediate 
values for strength, and corresponding absorption and unit weight values, 
may be established by interpolation. 
(b) Drying Shrinkage - The drying shrinkage of concrete speci-
mens prepared and tested in accordance with Section 8 (d) shall .not exceed 
0. 10 percent. 
(c) Pop outs - Concrete specimens prepared and tested in ac-
cordance with Section 8 (e) shall show no surface popouts. 
Average 28-Day 
Compressive Strength 
Min. p. s. i. 
Average 
Absorption 
Max. Percentage 
By Volume 
Average Unit 
Weights, Max. 
Lb. per cu. 
ft. 
4000 
3000 
2000 
15 
18 
21 
115 
110 
105 
Methods of Sampling and Testing For Aggregate Properties 
7. Lightweight aggregates shall be sampled and the proper fie s enu-
merated in these specifications shall be determined in accordance with the 
following methods: 
(a) Sampling - Standard Methods of Sampling Stone, Slag, Gra-
vel, Sand, 3
and Stone Block for Use as Highway Materials (ASTM Designa-
tion: D 75) . 
(b) Grading - Standard Method of Test for Sieve Analysis of 
Fine and Coarse Aggregates (ASTM Designation G 136)3, except that the 
weight of the test sample for fine aggregate shall be in accordance with 
Table III, and the aggregate when mechanically sieved shall be sieved for 
only 5 min. The test sample for coarse aggregate shall consist of 0. 1 cu. 
ft. or more of the material used for the determination of unit weight. 
TABLE III - WEIGHT OF SIEVE TEST SAMPLE FOR FINE LIGHTWEIGHT 
AGGREGATES. 
Nominal Weight of Aggregate, 
lb. per cu. ft. 
Weight of Test 
Sample, g 
5 to 15 ........................................ . 
15 to 25 ........................................ . 
25 to 35 ........................................ . 
35 to 45 .............•........•.................. 
45 to 55 ...................................... .' .. 
55 to 65 ........................................ . 
65 to 70 ......................................... . 
50 
100 
150 
200 
250 
300 
350 
(c) Unit Weight (Loose) - Standard Method of Test for Unit 
Weight of Aggregate (ASTM Designation: G 29)3, utilizing the shoveling 
3 1952 Book of ASTM Standards, Part 3 
procedure described in Section 7 of Method C 29 except that the aggregate 
shall be tested in an oven-dry condition. 
(d) Organic Impurities - Standard Method of Test for Organic 
Impurities in Sands for Concrete (ASTM Designation: C 40) 3 . 
(e) Fineness Modulus -Standard Definitions of Terms Relat-
ing to Concrete and Concrete Aggregates (ASTM Designation: C 125)3. 
(f) Clay Lumps in Aggregates- Standard Method of Test For 
Clay Lumps in Aggregates (ASTM Designation: C 142)3. 
(g) Loss on Ignition - Standard Methods of Chemical Analysis 
of Portland Cement (ASTM Designation: C 114)4, Section 20, Method A 
or B. 
(h) Soundness- Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (ASTM Desig-
nation: C 88) 3. 
Method of Testing for Concrete-Making Properties 
8. The concrete-making properties of lightweight concrete shall 
be determined in accordance with the following methods, using the same 
ratio of fine to coarse lightweight aggregate as is proposed for use, and 
using three specimens for each type of test: 
(a) Compressive Strength - Standard Method of Test for Com-
pressive Strength of Molded Concrete Cylinders (ASTM Designation: C 39) 3 
Test specimens shall be made in accordance with the Tentative Method of 
Making and Curing Concrete Com.pression and Flexure Test Specimens in 
the Laboratory (ASTM Designation: C 192)3, with the following exception: 
At the age of 7 days, the specimens shall be removed from the 
mois( room and stored in a temperature of 73.4 t 2 cF (23t l. 1 C) and a 
relative humidity of 50 t 2 per cent until time of test:. 
(b) Unit Weight of Concrete - Using cylinders molded and cured 
as prescribed for the compression test specimens in Paragraph (a), deter-
mine the weight of concrete per cu. ft., at the age of 28 days, by the follow-
ing procedure: Determine the weight of the cylinders as cured; then com-
pletely immerse the cylinders in water at 73.4 t 2 F (23 ± l. 1 C) for 24 
hr, and determine the immersed weight and the saturated, surface-dry 
weight of the cylinders. Calculate the weight per cubic foot of concrete, 
as cured in accordance with the folowing formula: 
A X 62.4 
Weight per cubic foot = B _ C 
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where: 
A= 28-day weight of concrete cylinder, as cured, 
B = saturated, surface-dry weight of cylinder, and 
C = immersed weight of cylinder. 
(c) Absorption of Concrete - Determine the absorption of the 
concrete, using as test specimens the cylinders that were used for the unit 
weight determination in Paragraph (b). Dry the saturated cylinders in an 
oven at 212 to 248 F ( 100 to 120 C) and weigh at 24-hr intervals until the 
loss in weight does not exceed 1 per cent in a 24-hr period. Calculate ab-
sorption in percentage by volume as follows: 
Absorption, per cent by volume " 
B-D ___ x 
B- C 
100 
where: 
B and C are defined as in Paragraph (b), and 
D = weight of dried cylinder. 
(d) Shrinkage of Concrete - Tentative Method of Test for Volume 
Change of Cement Mortar and Concrete (ASTM Designation: C 157) 3 , with 
the following exceptions: 
( 1) Prepare the concrete mix in the proportions of one 
part of portland cement to six parts of c.ombined aggregates, measured by 
dry loose volume. Adjust the water content so as to produce a slump of 2 
to 3 in. and thoroughly consolidate the concrete in steel molds 2 by 2 by 
11-1/4 in. for aggregates having 1/2 in. or less maximum size designation. 
The surface of the concrete shal be steel:-troweled. 
(2) Cure the test specimens as prescribed for the com-
pression test specimens in Paragraph (a). Make initial length measure-
ments immediately after removal of specimens from moist storage. Make 
subsequent measurements at 28 and 100 days. 
( 3) Calculate the difference in length of the specimens, 
when removed from moist storage at the age of 7 days and at the final mea-
surement at the age of 100 days, to .the nearest 0. 01 per cent of the effec-
tive gage length, and report as the drying shrinkage of the specimen. 
Report the average drying shrinkage of the specimens as the drying shrink-
age of the concrete. 
(e) Test for Popout Materials - Prepare concrete specimens 
for the test for popout materials in accordance with Paragraph (d), Item 
( 1). Cure and autoclave the specimens in accordance with the Standard 
Method of Test for Autoclave Expansion of Portland Cement (ASTM Desig-
nation: C 151)4. Visually inspect the autoclaved specimens for the number 
of popouts that have developed on the surface. Report the average number 
of popouts per specimen. 
(f) Freezing and Thawing - Make freezing and thawing tests of 
concrete, when required, in accordance with one of the following methods: 
Tentative Method of Test for Resistance of Concrete Specimens to Rapid 
Freezing and Thawing in Water (ASTM Designation: C 290)3, Tentative Method 
of Test for Resistance of Concrete Specimens to Rapid Freezing in Air and 
Thawing in Water (ASTM Designation: C 291)3, Tentative Method of Test for 
Resistance of Concrete Specimens to Slow Freezing and Thawing in Water or 
Brine (ASTM Designation: C 292)3, and Tentative Method of Test for Resis-
tance of Concrete Specimens to Slow Freezing in Air and Thawing in Water 
(ASTM Designation: C 310)4. 
